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The present invention relates to novel composites devices and methods for s,mplifying and improving the sen- 
s„,v Jar^ecificty of the in situ polymerase cha,n reaction, a method of amplifying and detecting specfe dei 
acid sequences within individual cells, and may be used in the fields of cell biology, forensic science and cluneal. 

^Zi:^:—™ (PGR) is a method for increasing by many orders of ^^—J 
of a specific nucleic acd sequence in a test sample The PCR process is disclosed ,n U.S. Paten. Nos. 4.683,195 

4 '^L a :a,led'ns'u 8 nucle,c acd hybridization methods have evolved ,o detect tar je t sequences » « thc^Hjor 
orqanelles where they originated (for a review of the field, see Naga, e. al.. 1987. Intl. J Gyn Path 6. 366-379) 
T 9 p!ca n" hybridation entail. 0 ) preparation of a his,ochem,ca, section or cytochemica, smear, che^hxed 
(fg w,.h formaldehyde) to stabilize protemaceous subcellular structures and attached to a microscope slide, 2) chem- 
Saturation of L nucleic acd in the cel.ular preparation (3) annealing o, a tagged nucleic acd probe , to a com 
plementary targe, sequence in the denatured cellular DNA and (4, localized detect™ of the tag annealed to target 
S ua^y microscop" examination of immobilized non,so,op,c (absorbance or fluorescence staining) - -topic (a^ 
to adioqraphic) signals directly or indirectly generated by the probe tag However, conventional in situ hybrid, a.ion ,s 
Zf^ Zosme, generally requiring tens to hundreds o, copies of the target nucleic acid per cell ,n order to score 

the presence of target sequence in that cell. ^ mhinflH 
Recently the sensitivity enhancement associated with PCR amplification of targe, sequence has been combined 
with to ^ a ge ializationof in situ hybridization to create in situ PCR, wherein PCR is performed w hir , chemicaV 
fixed cells, before the fixed cells are attached to a microscope slide and the amplified ^^^^^ 
scopic examination of autoradiographs following iso.opically tagged probing (Haase et al.. 1 990, Proc. Natl Acad. Sc. 
USA 87 4971 -4975). The cells may be suspended during in situ amplification 

Vsitu PCR requires a delicate balance between two opposite requirements of PCR in a cellu ar P= aUon_ he 
cell and subcellula? (e.g. nuclear) membranes must be permeabilized sufficiently to allow externally applied PCR re- 
aqents to reach the target nucleic acid, yet must remain sufficiently intac, and nonporous to retard diffusion of amplified 
,1 ac d out of the cells or subcellular compartments where ,, ,s made In addition, the amplified nuc eic a« 
be sufficiently concentrated within its compartment to give a microscopically visible signa yet remain --^ e 
that ,t does not reanneal between the denaturation and probe-annealing steps. Haase et al.. supra, relied on parafor 
maldehvde fixation of cells to have created sufficient but not excessive permeability. 

Haase e, al supra, used a series of PCR primer pairs to specify a series of overlapping targe, sequences with, 
the genome 0 , the targeted organism to improve retention of amplified target nucleic acd withm the cellular compart- 
Iwl it was made. The Lultmg PCR product was expected to be so large (greater than 1 ,000 l».M*J 
diffusion from site of origin should be greatV retarded. However, the use of multiple primer pairs severely reduces 
he pmcfca y of in situ PCR, no, just because of the expense associated with producing so many synthetic oligonu- 
2StL more seriously because many PCR ,arget organisms, especially pathogenic viruses^ so gene,^ 
Tp'st^ ha, i, is hard to find even a few short sequences which are sufficiently invariant to make good prime and 
probe stfes Other important targe, sequences, such as activated oncogenes, inactivated tumor suppressor genes and 
,o cog ic c^mosomal translations, involve somatic point mutations and chromosomal '^^Z^s 
be distinguished from the parental sequence if relatively short PCR products are amplified from single primer pairs. 
Mu£ P mer pairs and long s.ruc.ures would ,rus,ra,e a„a,nmen, of the specfici.y often needed to ^guishcan- 
ciroJ. il. from their norma, neighbors. Multiple primer pairs jeopardize PCR in a ^S^'^"^ 
primer dimenzation and mis-priming, reducing sensitivity and specificity and increasing the likelihood o, false^egatrve 
4S results because nonspecific amplification radically reduces the yield of amplified target sequence 

E lich e, e,0991) Science 252, 1643-1651 is a scientific review article discussing developments ,n the instrumen- 
tation methodology and apples of PCR. There is reference to a method of PCR in which an incomplete reagent 
se is hTatd plr to addition of the comp.ementing PCR reagent(s). Th,s minimises non-specific pdymerase : activity 
i?e» iHEo reference to PCR methods which employ a single stranded binding protein The review does not however 

50 ^^(^ci^La 98. 259-265 ,s concerned with a method called PRimed IN S„u .abelling (PRINS) 
for dS anahf. .. in which a syn,heti7o,igonucleo,ide is hybridised to chromosomes^The ^^TJZo 
as a primer for the in situ incorporation o, biolin labelled nucleotides. Incorporated biotin ,s then visualised with fluo- 
rescein isothiocyanate-labelled avidin (FITC-avidin). i omonta .v 

WO 91/06679 (Stratagene) discloses an improved method for hybridising polynudeotides ^.^^^2 
nucleic acid sequences Specifically, it relates to a method of increasing the specificity of a polynucleof.de hybridisation 
reaction in the presence of single-stranded nucleic acid binding protein. ,•„„ om , 

The present invention increases the convenience, sensitivity and specificity of in situ PCR, also elim.nating any 
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need for multiple primer pa,rs to detect a single target sequence. In doing so it also allows ,n situ PCR to discriminate 

am Tn 9 f^aspect the invention provides a process for in situ PCR amplification of a target nucleic acid sequence in 
cells, which process comprises 

(a) providing an in situ composition comprising cells chemically treated with a fixative which crosslinks the protein 

constituents of cellular structures; 

(b) adding a first subset of PCR reagents and optionally a single stranded DNA binding protein to the composition 
w of step (a) and incubating the cells and the subset of PCR reagents at a temperature between about 50 and about 

(c) adding to the composition of step (b) a PCR reagent subset which complements the first subset, wherein the 
complete set of PCR reagents comprises a single primer pair for each target sequence: 

(d) subjecting the composition of step (c) to thermal cycling sufficient to amplify the target nucleic acd sequence 
specified by the complete set of PCR reagents, and 

(e) optionally detecting the amplified nucleic acid sequence in a manner which locates it in the individual cells 
20 originally containing the target nucleic acid sequence. 

The chemically treated cells may be attached to a microscope slide between steps (a) and (b) or between steps 
(d) and (e), in which case the process preferably further comprises placing a vapor barrier over the composition before 
the composition is incubated in step (b). . 
25 in second aspect the invention provides a process for in situ PCR amplification of a target nucleic acd sequence 

in cells, which comprises 

(a) providing an in situ composition comprising cells chemically treated with a fixative which crosslinks the protein 
constituents of cellular structures: 

(b) adding to the composition a complete set of PCR reagents, wherein the complete set of PCR reagents comprises 
a single primer pair for each target sequence, and a single-stranded DNA binding protein: 

(c) subjecting the composition of step) (b) to thermal cycling sufficient to amplify the target nucleic acd sequence 
35 specified by the complete set of PCR reagents, and 

(d) optionally detecting the amplified nucleic acid sequence in a manner which locates it in the individual cells 
originally containing the target nucleic acid sequence. 

40 The cells may be attached to a microscope slide between steps (a) and (b) or between steps (c) and (d). in which 

case preferably (1) the cells are attached to a microscope slide, (2) a vapor barrier is placed over the composition 
before step (c) and (3) the vapor barrier is removed before performing step (d). _,.,_«..■ 

In third aspect the invention provides an in situ PCR composition, comprising cells chemically treated with a fixative 
which crosslinks the protein constituents of cellular structures, a first subset of PCR reagents, where* the subset 
comprises a single primer pair for each target sequence, and optionally a single-stranded DNA binding protein. The 
cells may be attached to a microscope slide, in which case the composition preferably further comprises a vapor barrier 

^^IMo^raspecrthe invention provides an in situ PCR composrtion, comprising cells chemically treated with a 
fixative which crosslinks the protein constituents of cellular structures, a complete set of PCR reagents, where.n the 
complete set comprises a single primer pair tor each target sequence, and a single-stranded DNA binding protein The 
cells may be attached to a microscope slide, in which case the composition preferably further comprises a vapor barr.er 

^ The invS permits an improved method of in situ polymerase chain reaction (PCR) with increased amplification 
specificity and sensitivity. By withholding at least one PCR reagent from a preparation comprising fixed cells. PCR 
55 reagents and optionally a single-stranded DNA binding protein until the preparation has been heated to a temperature 
in the approximate range of 50' to 80°C, non-specific reactions ol the nucleic acid polymerase are disfavored. The 
method applies equally whether nucleic acid amplification is performed before or after the fixed cells have been attached 
to a microscope slide. 
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The ,nvent,on also permits an improved in situ PCR method wh,ch relates to the better specificity and sensitivity 
tha.LsTb including ^n the react*, mixture a s,ng,e-s,randed DNA binding P ro,e,n (SSB) at a c = ra« 
interferes wth nonspecific polymerase reactions without blocking specific target amplification A vane* natural* 
lurnng gene.icalj engineered, or totally synthetic po.ypeptides with SSB activity can benefit in s,.u PGR This meth- 
s od is independent of the temporal order of nucleic acid amplification and cell attachment to slides. 

in preferred embodiments of the invention the cells have been rendered permeable for PCR reagents, preferably 

W, %?etZma e y a be e s n e , ,ec.ed from the group cons,s„ng of formalin, formaldehyde, paraformaldehyde and glutar- 

aldehyde 

10 The cells may reside within a histochemical section or cytochemical smear. ^m*™* The 

Preferably, the first subset of PCR reagents consists of all PCR reagents except a nucleic acd polymerase The 
sinqle-stranded DNA binding protein is preferably bacteriophage T4 gene 32 protein 

The processes and compositions of the invention may be used with modified thermal cyclers use to automate 
PCR amplification, wherein the sample compartment used to transfer heat rapidly to and from the reaction holds m, _ 

,5 croscope slides The sample compartment may comprise a metal block which has a horizontal flat surface dimensioned 
"old one or several microscope slides whh their largest dimensions oriented horizontally The a, surface i may I, at 
the bottom of a well suitable for holding a shallow mineral oil vapor barrier which prevents drying of the in situ 
r pa^on during thermal cycling. The compartment may alternatively comprise a meta, block 
slots which substantially and closely enclose microscope slides with their largest dimensions oriented in an app ox, 

20 mateCvertical plane Such orientation substantially increases the number of slides which can be analyzed at one time 
I Ser Sodiment, the compartment holds a moving heat transfer fluid and -tains holders for securing ^.cro- 
scope slides ,n the fluid flow, in which case it is recommended to use plastic envelopes which encase the microscope 
slides and protect them Irom desiccation or PCR reagent wash-out concitiuitv of in situ PC R 

The processes and compositions of the present invention improve the specificity and sensitivity of in s u PCR. 

25 ,hey reduce the chance of false negative results because even cells containing only a single copy of target ^nucleic 
acd sequence can con.identiy be detected The increased specificity simplifies the detection of amplifi d r^acid 
Whereas in situ nucleic acid analysis traditionally has required annealing of tagged probe nucleic acid conta ning a 
Tequence complementary to the target sequence, high amplification speedy allows ^! 
primers which have been incorporated into longer nucleic acids, with decreased concern for false Rostov 

so might arise from primer incorporation into nonspecfically amplified nucleic acds. Therefore, an additional probing step 
Ts no longer needed but still can be used. The increased sensitivity also simpi.fies detection of amplified nucleic acid 
after in sL PCR, by generating so much analyte that non-.sotopic signals can replace autoradiography record 
s^c s,gna,s. Absorbance, fluorescence and chemiluminescence signals are faster, simpler and - er to recor a 
is radioactive decay Adoption of nonisotopic detection should greatly increase the appeal of ,n situ PCR to clinical 
35 oatholoaists and other practitioners of routine analysis (as opposed to biological and medical research). 

P IZ^eZ and compositions of the invention also greatly increase the practicality and generality of r nrtu 
PCR by eliminating the need for multiple primer pairs for sensitive detection of a single target sequence. Quite apart 

or to allele specific amplification such as is required for PCR detection of many oncogenic somatic mutat ons _Now 
40 mat single primer pairs suffice for in situ PCR, the method will have the same breadth o application as conventional 
PCR Such special adaptions as multiplex PCR, degenerate priming, nested priming, allele-specfic amplification, one- 
sided PCR and RNA PCR can be tried in situ with increased confidence in method transfer 

The second and fourth aspects of the invention are also a significant improvement. HotStart™ methods block o 
pre-amplification side reactions which yield nonspecific products, SSBs also appear to reduce ™*™^<*>«™* 
45 Ling thermal cycling. Therefore SSBs more effec.rvely reduce nonspecific amplification. Too, -lusionof a -SSB in 
the PCR reagent mixture eliminates the need to perform a manual Hot Start™ procedure, which require some operator 
skill to effect a closely timed addition of the missing PCR reagent wrthout damaging or desiccating the in srtu PCR 
P reparation A method where all components of the assay are assembled at room temperature and covered with a 
vapor barrier before heating is begun is more reliable than one which requires manipu.a,ion of hot matena.s and vapor 

so barrier addition to a hot system. , 4U ■ ,w+^h ultra 

By facilitating routine application of in situ PCR, the processes and compositions of the invention extend ultra- 
sen^ nucleic acki detection to new markets and practical problems, such as are presented by cl,n,cal, veterinary 
and plan, pathology. These professional fields often rely on information <^™f>X^»^^£_ 
,o make critical judgments: conventional PCR does not easily yield that information Furthermore >n situ PCR is prac 

55 ica'y immune to the creation of falseposi.ive results by contamination of reactions with ampl ,ed *rge .orr , pre^ous 
reactions, because the analyte shows subcellular localization, usually in the nucleus. In add, t on, mul t.ple sta n^ 
example, for cell-surface antigens, permits disease diagnosis and prognosis based on ^J^ «^^ 
populations In situ PCR applied to blood or biopsy samples from patients believed to be infected by a lymphotrophic 
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retrovirus, such as HIV-1 . should yield valuable prognosis information such as the fraction of CD4 (surface ant,gen) 
nlus cells carrvina inteqrated viral genomes or viral particles 

P Thtostllems of modified hea, blocks will increase the speed and reliability o, in situ PGR performed on micro- 
scope slides by accelerating and rendering more uniform the hea. transfer which occurs during thermal cycling. 
5 To promole understanding of the invention, definitions are provided below for the following terms 

"PGR" refers to a process of amplifying one or more specific nucleic acid sequences, wherein (1 ) oligonucleotide 
primers which determine the ends of the sequences to be amplified are annealed to single-stranded nucleic acids in 
a test sample. (2) a nucleic acid polymerase extends the 3' ends of the annealed primers to create a nucleic acd strand 
complementai in sequence to the nucle.c acid to which the primers were annealed, (3) the resulting doub e-s.randed 
,o nucleic acd is denatured to yield two single-stranded nucleic acids and (4) the processes of primer sealing, pnmer 
extension and product dena.urat,on are repeated enough times to generate easily identified and measured amounts 
of the sequences defined by the primers. Practical control of the sequential annealing, extension and denatura ,on 
steps is exerted by varying the temperature of the reaction container, normally in a repeating cyclical manner Annealing 
and extension occur optimally in the 40° to 80°C temperature range (exact value depending on primer concentrations 
is and sequences), whereas denatura.ion requires temperatures in the 80° to 100°C range (exact value depending on 
tarqet sequence and concentration). r™^oi^ 
Such "thermal cycling" commonly is automated by a 'thermal cycler' an instrument which rapidly (on the time scale 
of one to several minutes) heats and cools a "sample compartment." a partly or completely enclosed container holding 
the vessel in wh.ch nucleic acid amplification occurs and the heat-transfer medium directly contacting the PCR vessel 
Mostcommonlythesamplecompartmenfisa-sampleblock-normallymanufacturedouto. metal, 
Conventional sample blocks contain wells designed to fit tightly the plastic microcentrifuge tubes ,n which PCR ampli- 
fication normally is performed In the sample block some or all of these conical wells may be replaced with flat surfaces 
or slots designed to optimize heating and cooling of microscope slides. Less commonly, the samp e compartnnent ,s a 
chamber through which a hot or cold heat-transfer fluid, such as air or water, moves past reaction tubes bathed by the 

'■PCR reagents" refers to the chemicals, apart from test sample nucleic acid, needed to make nucleic acd ampli- 
fication work They consist of five classes of components: (1 ) an aqueous buffer, (2) a water-soluble magnesium salt 
(3) at leas, four deoxyribonucleoside triphosphates (dNTPs), (4) oligonucleotide primers (normally two for each targe 
sequence with sequences which define the 5" ends of the two complementary strands of the double-stranded target 
sequence), and (5) a polynucleotide polymerase, preferably a DNA polymerase, most preferably a thermostable DNA 
polymerase, which can tolerate temperatures between 90° and 100°C for a total elapsed t.me of a. least 10 minutes 
without losing more than about half of its activity . nlnl . u 

The four conventional dNTPs are thymidine triphosphate (dTTP), deoxyadenosme triphosphate (dATP), deoxycy- 
tidine triphosphate (dCTP) and deoxyguanosme triphosphate (dGTP). They can be augmented or 
by dNTPs containing base analogues which Watson-Crick base-pair like the conventional four bases^ Examples of 
such analogues include deoxyuridine triphosphate (dUTP) and dUTP carrying molecular tags such as biotm and d,g- 
oxigenin, covalently attached to the uracil base via spacer arms 

Whereas a "complete set" of PCR reagents refers to the entire combination of essential reactants except test 
sample nucleic acid, a "subset" of PCR reagents lacks at least one of the essential reagents other than the aqueous 
butter The "complement" or "complementary subset" to a first PCR reagent subset consists of all reagents missing 
from the first subset. PCR "reactants" refers to the PCR reagents plus text sample nucleic acid. 

"Hot Start™ PCR" refers to PCR amplified in which a subset of reagents is kept separate from its complement 
and the test sample until the latter components have been heated to a temperature between ^out 50° and about 
80°C hot enough to minimize nonspecific polymerase activity After all PCR reactants have been mixed, thermal cycling 
is begun, with reaction temperature controlled so that ,t never drops below about 50°C until amplification ,s completed. 

"Fixed cells" refers to a sample of biological cells wh.ch has been chemically Ireated to strengthen cellular struc- 
tures particularly membranes, against disruption by solvent changes, temperature changes, mec hanical jesses and 
drying Cells may be fixed either in suspension or while contained in a sample of tissue, such as might be obtained 
during autopsy, biopsy or surgery Cell fixatives generally are chemicals which crosslink the protein const, tuents of 
cellular structures, most commonly by reacting with protein ammo groups Preferred fixatives are buffered ormalm, 
95% ethanol, formaldehyde, paraformaldehyde or glutaraldehyde Fixed cells also may be treated with proteinases^ 
enzymes which digest proteins, or with surfactants or organic solvents which dissolve membrane lipids, in order to 
nc "ease the pe rmeabilSy of fixed cell membranes to PCR reagents. Such treatments must follow fixajon to assure 
,ha. membrane structures do not completely fall apart when the lipids are removed or the proteins are partiaHy cleaved 
55 Protease treatment is preferred following fixation for more than one hour and is less preferred following shorte fixation 
intervals For example, a ten-minute fixation in buflered formalin, without protease treatment, is standard after sus- 
pended cells (e.g. from blood) have been deposited centrifugally on a slide by cytospin procedures standard in the 
cytochemical art. 



20 



25 fluid 



30 



35 



40 



45 



SO 



5 



10 



EP 0 524 808 B1 

■H,stochem.cal section" relers to a solid sample of biological tissue which has been frozen or chemically fixed and 
hardened by embedding in a wax or a plastic, sliced into a thin sheet generally several microns thick and attached 

10 3 Z^ZcTLear refers to a suspension of cells, such as blood cells. wh,ch has been chemically fixed and 
attached to a microscope slide ..;„ llh 
■In situ PCR" refers to PCR amplification performed in fixed cells, such that specific amplified nucleic acid is sub- 
stantial^ contained within the cell or subcellular structure which originally contained the target nucleic acid sequence 
ubl Ced to specific amplification The cells may be ,n aqueous suspension or may be par, of a his.ochemica, sec o 
or cytochemical smear Preferably the cells will have been rendered permeable to PCR reagents by proteinase dig t on 
or by lipid extraction with surfactant or organic solvent. An -in situ PCR preparation' consists of a combination of fixed 
cells with a subset or complete set of PCR reagents 

"Vapor barrier" refers loan organic material, in which water is insoluble, which covers a PCR reaction or preparation 
in a way which substantially reduces water loss to the atmosphere during thermal cycling Preferred yapor barrier 
materia s are liquid hydrocarbons such as mineral oil or paraffin oil although some synthetic organic polymers such 
as fluorocarbons and silicon rubber, also may serve as effective PCR vapor barriers Waxes which are soh J at tem- 
peratures below about 50°C and liquid at higher temperatures also make convenient vapor barriers The vapor barrier 
may be a thin plastic film, fabricated into an envelope completely enclosing the in situ PCR preparation or glued to a 
microscope slide carrying an in situ PCR preparation in such a way as to isolate the reaction from , the f^era 

■Single-stranded DNA binding protein' (SSB) refers to a polypeptide wh.ch binds to s.ngle-stranded DMA more 
tightly than to double-stranded DNA. Naturally occurring SSBs include the bacteriophage T4 gene 32 p^tein, he 
filamentous bacteriophage gene 5 protein, the SSB from E. coli with a subumt molecular weight of 19 kilodaltons, the 
30 kilodalton movement proteins of tobamoviruses and Agrobacterium tumefaciens v,r E2 protein. 

■Detection" of PCR-amplified nucleic acid refers to the process of observing, locating or quant.tat.ng an analytical 
signal which is inferred to be specifically associated with the product of PCR amplification, as distinguished from PCR 
reactants The analytical signal can result Irom visible or ultraviolet absorbance or f.uorescence, chemiluminescence 
or the photographic or autoradiographic image of absorbance, fluorescence, chemiluminescence ononizing radiation 
Detection of in situ PCR products involves microscopic observation or recording of such signals The signal derives 
directly or indirectly from a molecular "tag" attached to a PCR primer or dNTP or to a nucle.c acd probe, which tag 
may be a radioactive atom, a chromophore, a fluorophore, a chemiluminescent reagent, an enzyme capable ^o f gen- 
erating a colored fluorescent, or chemiluminescent product or a binding moiety capable of reaction with another mol- 
ecule or particle which directly carries or catalyt.cally generates the analytical signal. Common binding moieties are 
biotin which binds tightly to streptavidin or avidin, digox,genin, which binds tightly to antKJ.gox.gemn anybodies, and 
fluorescein, which binds tightly to ant,-fluoresce,n antibodies. The avidin.streptavidin and antibodies are easi y attached 
to chromophobes, fluorophores radioactive atoms and enzymes capable of generating colored, fluorescent or chemi- 

IUm ''Nuc!eta aerobe" refers to an oligonucleotide or polynucleotide containing a sequence complementary to part 
or all of the PCR target sequence, also containing a tag which can be used to locate cells in an in situ PCR preparation 
which retains the tag after mixing with nucleic acid probe under so^ent and temperature conditions which promote 
nrobe annealinq to specifically amplified nucleic acid. . 

A preferred mode of fixing cell samples for in situ PCR according to the present invention is to incubate them ,n 
10% formalin, 0.1 M Na phosphate, P H 7.0, for a period of 10 minutes to 24 hours a. room temperature. The cells may 
be a suspension, as would be obtained from blood or a blood fraction such as buffy coat or may be a solid tissue as 
would be obtained from biopsy, autopsy or surgical procedures well known in the art of clinical path o.og> , It PCR is to 
be performed in cell suspension, suspended cells preferably are centrifuged after formalin xation ^suspended in 
phosphate-buffered saline and re-centrifuged to remove the fixative The washed, pelleted cells may be resuspended 
in PCR buffer and added directly to a PCR tube. If PCR is to be performed on a microscope slide, suspended cells 
preferably are deposited on the slide by cytospin, fixed 10 minules in buflered formalin, washed 1 minute .n water and 
washed 1 1 minute in 95% ethanol. Alternatively, suspended cells can be pelleted in a centrifuge tube and the pellet can 
be embedded in paraffin and treated like a tissue specimen Tissue samples may be processed further and then em- 
bedded in paraffin and reduced to serial 4-5 urn sections by microlome procedures standard ,n the art o i chriical pa- 
thology Hiitochemical sections are placed directly on a microscope slide In either case, the slide preferably w,ll have 
been treated with 2% 3-aminopropyltriethoxysilane in acetone and airdned. After smears or sections have been applied 
to slides the slides are heated at about 60°C for about 1 hour Paraffinembedded sections can be deparaffinized by 
2 serial 5 minute washes in xylene and 2 serial 5 minute washes in 100% ethanol, all washes occurring at room 
55 temperature with gentle agitation. ^nmninnPrp 
Choosing PCR primer sequences, preparing PCR reagents and reaction mixtures and designing and running PCR 
reactions are well known procedures in the PCR art. In the event that nucle.c acd amplication is ^Perlormed ^ sus- 
pended cells in a standard PCR tube, the cells are treated like any conventional PCR test sample: diluted .nto reaction 
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m ,x«ure shortly before amplication ,s started, at a total cell number ranging from approximately 
1 06 For carrying out the first aspect of the invention in a reaction tube, the only change from conventional PCR practice 
is that at least one reagent, preferably enzyme but quite possibly primers. dNTPs or MgCfe, is omitted from the reaction 
mixture. After 50 to 1 00 ul of mineral oil have been added to the reaction tube, the tube ,s placed in a therma cycler, 
5 many versions of which are commercially available and heated to a temperature between about 50 and about 80 C_ 
preferably between 70' and 30'C While the tube is held at that temperature, the m.ssing reagent is delrvered beneath 
the vapor barrier w„h a standard manual sampler, preferably in a 5 to 15 ul volume of PCR buffer. If multiple samples 
are amplified simultaneously in different tubes, a Iresh sampler tip is used to add the missing reagent(s) to each tube 
to prevent cross-contamination After all tubes have been prepared and capped, the standard three-temperature ther- 
10 mat cycle program of dena.uration, annealing and extension for approximately 10 to 40 cycles is performed under 
thermal cycler microprocessor control Alternatively and often preferably, a series of two-temperature cycles can be 
run wherein annealing and extension are performed at a single temperature, normally optimized for stringent annealing 
of primer to template Because reaction rates may be somewhat retarded with cellular preparations as compared to 
cell-free nucle.c acds it may be necessary to increase the durations of the denaturation, anneal, extend or anneal- 
15 extend cycle segments as much as several-fold from values standard when the test sample contains cell-free nucleic 
acid This adiustment easily is performed by trial and error, looking for conditions wh.cn max,m,ze the intensity of the 
signal seen during amplified nucleic acid detection or which minimize the number of cycles needed to reach a given 
signal intensity. A similar optimization procedure can be used for MgCt, dNTP, primer and enzyme concentrations ,n 
the reaction mixture: these parameters often show different optima for different targets. 

For carrying out the second aspect of the invention in a reaction tube, several changes from the preferred mode 
just described are needed There is no need to carry out the manual Hot Start™ procedure described above; all reac- 
tants can be mixed and the vapor barrier added at room temperature before thermal cychng is started 

However it is important that reagents be mixed in an order such that the SSB not be added last Preferably SSB 
will be pre-mixed with primers and the two reagents added together to the remaining reactants. The optimal quantity 
of SSB will vary with the identity of the SSB and with the quantity of single-stranded DNA in each reaction, and can 
be determined by trial and error according to the criteria given above for optimizing thermal cycle parameters Because 
cellular preparations normally should contain little single-stranded DNA, the amount of primers in a reaction permits 
approximation of the optimal quantity of SSB, in the following way: (1 ) calculate the total moles of all primers from he 
number of primers used, their concentrations, and the reaction volume; (2) divide the average primer length by the 
known value for the footprint of the particular SSB used and round off to the nearest integer; (3) multiply this integer 
times the total moles of primer to get the total moles of SSB needed to react with all of the primer and (4) add an 
amount of SSB equal to 0.5 to 2 times the calculated minimal amount of SSB Further adjustment can be done by trial 
and error The SSB footprint is the number of nucleotides occupying one SSB binding site. The following approximate 
SSB footprints have been reported in the research literature: 8 nucleotides tor bacteriophage T4 gene 32 protein, 
between 33 and 65 nucleotides per E. coli SSBtetramer; 5 nucleotides per filamentous phage gene 5 protein monomer; 
4 to 7 nucleotides per 30 kilodalton tobamovirus movement protein monomer; 30 nucleotides per 64 k.lodalton Agro- 
bacterium tumefaciens vir E2 protein monomer „ nrlar H orn mho 
Whether the first or second aspect of the invention is applied to fixed cells suspended in a standard PCR tube, 
the preferred post-PCR treatment required for microscopic analysis is the same. The cells are pelleted and washed 
once in phosphate-buffered saline before deposition on organosilane-treated slides as described above, either as a 
smear or as a microtome section through a paraffin-embedded pellet. Heating at 60°C for one hour improves cell 
adherence to the slide. 

In the event that the first or second aspect of the invention is applied to histochem.cal sections or cytochemical 
smears attached to microscope slides, amplification procedures differ somewhat from those described above for re- 
actions in PCR tubes A preferred mode of effecting the first aspect of the invention on microscope slides is to cover 
the section or smear with approximately 5 to 10 ul of a PCR reagent mixture lacking at least one reagent, such as 
enzyme Then a plastic cover slip is placed over th.s preparation, the microscope slide is placed inside an alum.num 
foil boat' about 5 to 10 mm deep, the bottom of which is slightly larger than the slide, and the boat is placed on a metal 
thermal cycler sample block After the sample block is brought to about 80°C and held at that temperature, the cover 
slip is lifted and 2 to 10 ul of PCR buffer containing the missing reagent(s) are distributed across the surface of the 
reagent mixture The cover slip is replaced before the in situ PCR preparation dries out, a drop of nail polish ,s applied 
to one corner of the cover slip to anchor ,t to the slide, and the slide is covered with enough m.neral oil to assure that 
all cover slips, including their edges, are protected from the atmosphere Preferably the oil has been P'e-heated. «> 
that its addition does not transiently reduce the temperature of the in situ PCR preparation. Then a standard two- 
temperature or three-temperature thermal cycle is run for about 40 cydes. As above, cycle parameters, number of 
cycles and PCR reagent concentrations may need optimization to compensate for the abnormal heating and coo ng 
kinetics of the oil-covered microscope slide and for possible reaction rate changes caused by the cellular nature of the 
test sample After amplification, the mineral oil is removed from the slide with an organic solvent such as xylene, and 
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the shdes are dried with 1 00% ethanol or a graded series of e.hanol concentrations The oilf ree preparation is incubated 
lor a^mata-IV 15 minutes a, about 50>C in 0 15 M Nad 0.015 M Na Crate. pH 7.0 to remove unreac.ed PGR 

recomm ^ded above for the first aspect, with a lew changes The manual Hot Start- method, snot necessary at hough 
can s^ be used A quantity of an SSB ,s added to the reagent mixture which is estimated to suffice to bind a of the 
,nqle anded DNA?n the in situ PGR preparation. Th,s estimation is performed as described above for in s u PGR 
De Trmed"n eacta tubes As before, it is important that the SSB no. be the last reagent added preferably it ,s pre- 
mteZh pr me's h major form of single-stranded DNA I. the manual Hot Star,™ method ,s no, used^the entire 
D epart Ton' as emb ed overed w„h a plastic cover s„ P (which ,s anchored to the mcroscope slide with a drop o, 
X h " " ,o„ boa,, and covered with mineral oil at room temperature; a norma, series o, thermal cycles 
is used w thout holding initially a. 70' to 80°C. Post-PCR oil removal and preparation drying are as above 

The detection phase o, in situ PGR is performed the same way. whether following the first or the second aspect 

strateaies The first strategy involves tagging either the PCR primers or at least one of the dNTPs with a radioisotope 
o r 2 fa binding mo ety such as biotm, d^cx,gen,n or fluorescein or with another fluorophore. In th,s case ag incor- 
porated in o amplified nuc.e,c acd can be analyzed directly provided that the unreacted tagged reagent has been 
washed out pos'-PCR and provided that the washing and drying procedure has not mobilized the amplified nucletc 
om s P o t o, synthesis. The analytical validity of th,s simpie detection strategy requires that «he — 
increased in situ PCR specificity sufficiently that negligible nonspecific products have been made which are la ge 

nough ,o resist washing from the preparation. To test and validate this consequence of the first two asp ect of . he 
invention appropriate control reactions can be performed The logically most compelling control reaction ,s to perform 

he tSSS cells known to lack the target sequence: validation of the simplified detection strategy ^.^hat 
no s'^afbe generated in the control cells. Often such control cells are present in a his.ochemica, or cy.oche* cal 
orepSon so that the standard analysis contains its own control A less compelling control ,s to use primers wheh 
o^SiJ^ the optimal primer, for the targe, sequence that they will no, amplify the targe, sequence under 
thP qnpcified annealing and extension conditions. 

Th second trategy involves de,ec,ing amplified nucleic acid by in si,u hybridization to a tagged nucleic acd 
probe an oligonucleotide or polynucleotide with a sequence complementary to at least part o, the amplified nucleic 
a tsequen ^ es (preferably excluding the primer sequences). In situ hybridization, well known in the histochem.ca, and 
Xhem ca art has four basic steps: dena.uration of DNA in the test sample, annealing of probe to test sample 
nucTelcacidli 

unhvbridized orobe and detection of the probe which has been retained on the slide. 

Regardless of which detection strategy is used, the methods for observing and recording the presence and location 
of tag on the micrlope slide are the same. If the tag is a radioisotope (preferably a strong beta ^"»™^«- 
su h as " P or tas,, the microscope slide is coated with nuclear track emulsion such as NTB-2 from Eastman Kodak 
C ^Rocheste NY ncubated a, 4'C for an interval determined by trial and error and developed by standard methods 
toZ^S^^dMOB silver grains in the vicinity of immobilized tags. Procedures for ^s, W9 probe 
or PCF ^^ uc r a re described by Haase et al , supra If the tag is a fluorophore. it may be observed directly m a 
Suo^^l^P^^lon and emissL filter, optimized for the particular fluorophore This detection 
methcSts partTularly suitable for multiplex in situ PCR with different primer pairs lor different target nucleic acd se- 
TenSs Eith d'ferent f.uorophores can be attached to primers of different specficty or *^ren, .luorophores can 
^a, ached to probes of different specificity. Methods of attaching fluorophores to oligonucleotides and P^»ctoot»te 
0 MlTauL 5' ends are well known in the nucleic acid chemistry and PCR arts. If the tag is a bmd.ng moiety 
22 a io Tc Loxigenm. i, is incorporated directly into PCR product (via primers or dNTPs) or into probes by 
essentia^ same methods used to attach other tags However, in this case, signal generation requires add lonal 
deSon steps Preferably, the microscope slide is incubated in buffered aqueous solvent containing a cova.en, con- 
liga,e o?a de P ,ec,ion enzyme and a binding prote.n specific for ,he tag (av,din or strep.avidin for b,o„n, an an^igox- 
a "body for digoxigenin, an anti-fluorescein antibody for fluorescein) The preferred detection enzyme « orse^ 
adTh pe oxidase or alkaline phosphatase. After unbound enzyme connate is removed by washing in a buffered 
Lq eous th" microscope sL is immersed ,n a solution containing a chromogen. substrate for the enzyme 

used AneTan soluble dye, p oduct of the enzyme reaction, has been deposited a, points on the microscope si de 
where enzyme conjugate has been bound, unreacted substrate is washed away in water or buffered aqueous solvent 
To preve «Te b S of nonspecific background stain over time. The preferred endogenic substrates which gener «e 
nsoluble Products are well known in the histochemical and cytochemical art, as are the methods for sta,n. g , and for 
enzyme connate incubation and washing. The substrates and enzyme conjugates are commercially available from 
a wide variety of sources well known to histochemists and cytochemists. ,, hQm „. rrt 
A p^eferred companion procedure in the detection steps of the present invention is countering of the micro- 
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scope slide w,th fluorescent dyes (for fluorescent tags) or chromophonc dyes (for radio-autoradiographic detector, or 
enzyma c generation o, insoluble chromophores) which em,, or absorb with deferent spectral characteristics than the 
TnaMe specie Signals and wh,ch highlight cell structures, especially in cells wh,ch lack target nuc,e,c acid sequence 
Espe 1 p 1 red for examination of insoluble blue dye deposits by transmission microscopy is coun.er S ta,n,ng by 
nuclear as? red standard in the h,stochem,cal and cytcchem.cal ar, The methods for examining stained in situ PGR 
p Tl ^ by transmission or fluorescence microscopy are well known in the h,s,ochem,cal and cytochemica. art, 
as are methods of recording permanently the microscopic image photographically or via digitized video images^ 

When he irs. or second aspect of the invention has been applied to fixed cells suspended in a PGR tube, an 
a.tema ve detection mode to attachment to a s„de for microscopic examination ,s direct flow cytometry of he .uj- 
pended cells Flow cytometry « best adapted to fluorescent signals, whether incorporated into amplified nucle.c acd 
ng'n s PGR o^a.tached to amplified nucle,c acd by probe hybridization post-PCR, In either case, „ ,s ,mpo an 
tna the cells be washed by sedimentation and resuspension in tag-free buffered aqueous solvent to assure that tag 
not a sec. te with amplified nucle.c acid is completely removed. F,ow cytometry methods, well known to cel. biolo- 
gl a'Sfu, primarily for counting the proportions o. cells containing and lacking tag, although they also can record 

the quantitative distribution of tag among cells. 

In a preferred mode of effecting the aspects of the invention conventional thermal cycler sample blocks may be 
m od edCange just the top surface so that it is optimized .or heat flow to and from microscope slides. Two very 
cSS designs are described One, for in si.u PGR applications where very few slides are to be run simultaneously 
me top surface is designed to create flat horizontal areas large enough to hold slides so that the large dimensions 
height and width) are horizontal These flat areas may be recessed in shallow wells which hold a m.neral «l vapor 
bal covering the slides The areas must be a. least about 16 mm wide and 77 mm long to fit conventional gtaes 
m^oscope sl.des. The well, must be a. least about 2 mm deep to .,» a slide plus covers.ip plus vapor barrier This 
desion is compatible with either the first or second aspect of the invention. 

T^ forTn s,tu PGR applications where many slides are to be run simultaneously, the block may be designed to 
contra narrow deep, vertical or approximately vertical slots, s,zed to hold slides inserted edgewise with minima 
spac separating the slide from metal surfaces facing its top and bottom surfaces The intervening space normally w, 
be f eS with mineral oil or another nonvolatile liquid to provide a vapor barrier and efficient heat transfer during thermal 
yc g The plane o, a slot may be inclined from the vertical by as much as about 45° in order to use the or« avity 
to assure that one surface of the slide touches the metal of the sample block Slots must be about 15 mm deep, at 
eas 7 I long and a. leas. 2 mm wide to fit a conventional slide plus a cover s.,p This design is compatible with 
he econd aspect o. the invention bu, is no, preferred with the „rst because it blocks rapid access to the ,n s u PGR 
preparation for cover slip removal, manual addition of the missing PCR reagent(s) and cover slip replacement. 
P P Ma y different therma, cyclers are commercial* available, each with distinct sample block ^°w- ' J 
samole block designs can be described in terms of several general features: (a) composition practically all are made 

S S 2 c) bottom and occasional side surfaces designed to integrate with the heating and coring 
mehanisms which determine block temperature when the thermal cycler is ^f^**^™"^ 
many wells dimensioned to hold tightly the small plastic microcentrifuge tubes, preferably of abou 05 ml capactfy but 
occasionally holding about 1 .5 ml, which are commonly used to hold nucleic acd amplification reactions, (e) occasion- 
^ one or a few small wells in one surface designed to hold tight* a thermocouple or thermistor probe which feeds 
back the sample block temperature to the thermal cycler control circuitry. 

By changing only the top surface of the sample block the other design features (except possibly block thickness) 
are m substantial* unchanged in order to minimize the impact on thermal cycler manu.act ^XlZZoZ 
preferred is to render the modified sample block equal in mass to the conventional sample block of the thermal cycler 
in question, to minimize impact on heating and cooling kinetics. 

Thermal cycler sample blocks most commonly are manufactured by machining into a single metal block for ex 
ampta Z a rSary mill exact dimensions, wells and other contours needed to integrate with the rest of the thermal 
cyc£ ZJ for bolting the block to the res. of the therma. cycler may be made with a drill press The same manufac- 
un g procedures are suitable for the mod„,ed sample blocks described here However, the ^'^-"P 8 ^ 
adapted to fit microscope slides tightly is also easily produced by stamping or ^^^^^T^ 
cutting) of relatively thin sheets of metal which are bolted together to create a laminated assembly The an ire , block 
ma b laminated "or just the top portion, holding the microscope slide we!, can be f^^r 
bottom portion which contains the leatures of the block which integrate with the rest of the thermal cycler 

A thermal cycler sample block design may include both wells optimized for microscope slides and wells designed 
,o hold conventional nucleic acid amplification reaction tubes. Preferably the reaction tube wells w,l. occupy one or 
several oTa on g the edges o, the sample block, reserving the central area of the sample block or rn^M 
we s This mode also is best realized by leaving the other sample block features, including ^^ l ^ h J^ 
Manufacture is most simply performed by machining, because of the cylindrical symmetry of reaction tube wells. 
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A few commercially available thermal cyclers and published thermal cycler designs avoid metal sample blocks 
and immerse conventional PGR tubes ,n a rapidly mov,ng stream ot ho, or cold air, water, or other heat-transfer fluid 
Such designs are easily adapted to microscope slides by replacing the tube holders with a metal w,re or plastic la c 
w ch ho d's slides firmi in the stream of heat-transfer fluid. Preferably, the slides are oriented so that < heir ^sma es 
dimension (thickness) laces the fluid flow and the dominant fluid flow vector hes ,n a plane which parallel the plane 
ofTheir larger dimensions (width and length, Slight canf.ng o. the microscope slides to the dominant fluid flow vector 
can create mild turbulence which helps to ensure uniform heat transfer. 

In the event that the thermal cycler contacts microscope slides directly with a moving heat transfer fluid. ,t ,s nec- 
essary to isolate the slides from the heat-transfer fluid by a thin barrier which blocks material transfer between the in 
situ PCR preparation and the heat-transfer fluid. Otherwise the preparation may be desiccated or experience wash- 
out of PCR reagents Preferred barriers are envelopes of a thin, watenmpermeant plastic with high thermal conductivity, 
such as a fluorocarbon, a polyurethane, a polyolefm, a polyimide or a polyamide. The envelopes must be sealed in a 
way which prevents leakage of fluid or water vapor into or out of them. Either a water-resistant adhesive or a tight clip 
may serve adequately to seal the envelope If the heat-.ransfer fluid is a liquid, one edge of the envelope may project 
above the liquid into the vapor space over it. As an alternative to an envelope, the vapor barrier may comprise , a .thin 
sheet of plastic with approximately the length and width of a microscope slide, carrying hot-water-resistant adhesive 
applied in a narrow strip around all edges on one face The sheet is pressed tightry to the top face of the microscope 
slide before thermal cycling ,s started and can be peeled off afterward for detection processing It may even replace 

Rom't'he above description and the following examples, one of ordinary skill in the art can appreciate the many 
diverse aspects of the present invention as encompassed by the following claims 



Example 1 

25 In Situ PCR and Hybridization Detection of HP V Integrated into Human Genomic DNA 

Cells of the stable human cervical cancer cell line, SiHa (ATCC HTB 35), containing one integrated copy of human 
papilloma virus (HPV) type 16 genome per human genome, were grown to density o, about 10= cells/mL ,n Eag es 
milal essentia, medium with non-essentia. amino acids, sodium pyruvate, and 1 5% fetal bovme serum, washed two 
times in Tris-buffered saline, adjusted to an approximate density of 10* cells/mL, and st.rred overnight at room tem- 
perature m 10% (vol/vol) formaldehyde in phosphate buffer The formaldehyde-fixed cells were centrifuge* at 2,000 
rpm for 3 minutes, and the pellet was embedded in paraffin Microtome sections (4 urn thickness) of Je pa^n b,„k 
were attached to glass microscope slides which had been dipped in 2% 3-aminopropyltnethoxysilane (Aldnch Chemical 
Co ) in acetone by floating the sections in a water bath. After attachment, sections were deparaffimzed and proteolyt- 
ically digested with reagents from the Viratype® in situ Tissue Hybridization Kit (Life Technologies, '™-<^ a ^ u '9; 
MD) following the manufacture* instructions (The equivalent reagents and methods of the Oncor S6800k,t, Oncor, 
Inc , Gaithersburg, MD, could have been used instead). Slides were placed in hand-made aluminum foil boats_ap_ 
proximate dimensions of 8 x 3 x 1 mm; and each set of four sections (per slide) was overlaid with 5 to 10 ul of PCR 
solution (see below). A plastic coverslip then was placed over each four section in situ PCR preparation. For conven- 
tional in situ PCR, the coverslip was anchored to the slide with a drop of nail polish, the slide was covered wrth ap- 
proximately 1 ml of mineral oil, the foil boa. was laid on top of the aluminum sample block o a PCR thermal eye er and 
thermal cycling was started. For manual Hot Start™ in situ PCR, the boat containing a slide (with coverslip) was heated 
,o B2»C and held at that thermal cycler temperature while the coverslip was lifted, 2 ul of the missing PCR reagents 
(see below) were distributed over the surface of the preparation, the coverslip was replaced and attached to the slide 
with a drop of nail polish and approximately 1 ml of mineral oil pre-heated to 82°C was laid over the slide and coverslip 
in the boat. Then the normal thermal program was resumed 

The pH 8 3 PCR solution contained 10 mM TrisCI, 50 mM KCI, 4.5 mM MgCI 2 , 20 mM of each dNTP, 0.2 unrtfuL 
of AmpliTaq® DNA polymerase and 6 uM of each primer For "single primer pair" experiments, the primers were PV1 
and PV2 dictating a 449 bp product from the HPV type 16 genome. For "multiple primer pair" experiments primers 
50 pvi to PV7, dictating a series of overlapping approximately 450 bp PCR products covering a total sequence length of 
1247 bp, were used. All primer sequences are given in the Table below. 
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Position of First 



5 


Pri m pr 


SEO ED No. 


Nucleotide 


Sequence 




PVl (5') 


1 


110 


5*-CAGGACCCACAGGAGCGACC 




PV2 (3') 


2 


559 


5'-TTACAGCTGGGTTTCTCTAC 


10 


PV3 (5') 


3 


501 


5'-CCGGTCGATGTATGTCTTGT 




PV4 (3') 


4 


966 


5'-ATCCCCTGTTTTTTTTTCCA 




PV5 (5') 


5 


896 


5'-GGTACGGGATGTAATGGATG 


15 


PV6 (3') 


6 


1357 


5'-CCACTTCCACCACTATACTG 




PV7 (5') 


7 


1300 


5'-AGGTAGAAGGGCGCCATGAG 
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For conventional in situ PCR, all of the components listed above were present in the PCR solution initially added 
to the histochemical sections. For manual Hot Start™ in situ PCR, the solution initially added to the sections lacked 
primers and Taq polymerase. These reagents were added separately in 2 ul of 1 0 mM TrisCI, 50 mM KCI, pH&3, after 
the slide had been heated to Q2°C. For the first thermal cycle, denaturation was performed for 3 minutes at 94 C, and 
annealing/extension was performed for 2 minutes at 55°C; the remaining 39 cycles consisted of 1 minute denaturation 
at 94"C and 2 minutes annealing/extension. 

After DNAamplification, mineral oil was removed by dipping in xylene, thecover slip was removed, andthe mounted 
sections were dried in 100% ethanol. Each slide was incubated with 10 ul of a 500 ng/ml solution of biotinylated HPV 
type 16specific polynucleotide probe (Viratype Kit, Life Technologies, Inc.) in 0.03 M Nacitrate. 0.30 M NaCI, pH 7 0 
5% dextran sulfate 50% formamide at 100°C for 5 minutes and then 37°C for 2 hours; then the slide was treated with 
an alkaline phosphatase-streptavidin conjugate andthe phosphatase substrates, 5-bromo-4-chloro3-mdolyl phosphate 
(BCIP) and nitro blue tetrazolium (NBT), according to the instructions of the supplier of the S5800 Staining Kit (Oncor, 
Gaithersburg MD) After enzymatic detection of biotinylated probe captured on the sections, the sections were coun- 
terstamed with nuclear fast red for 5 minutes The following results were obtained in this experimental system, when 
the stained slides were examined by transmission microscopy under 40-400 X magnification In conventional in situ 
PCR single-copy HPV targets in SiHa cells were not detectable with a single primer pair but showed up clearly in mos 
nuclei with multiple primer pairs. In manual Hot Start™ in situ PCR, a single primer pair stained about 80% of the ce\\ 
nuclei more strongly than did multiple primer pairs in the conventional method. The other 20% may have been damaged 
during sectioning The previously published conclusion that in situ PCR requires multiple primer pa.rs specifying over- 
lapping targets is thus invalid. The practical, and in fact improved, performance of a single primer pair greatly increases 
the utility of in situ PCR. 



Example 2 

In Situ PCR Hybridization Detection of HIV-I Integrated into H uman Genomic DNA 

The human T lymphocytic cell line, H9 (ATCC CRL 8543), was grown to a density of about 1 0 6 cells/ml in complete 
RPMI medium, infected with HIV-1 as described in Basic Virological Techniques, pp 66-69, and incubated for four 
days at room temperature Approximately 10« cells from this incubation were formaldehydefixed, paraffin-embedded 
sectioned (4 m thickness), mounted on glass slides and proteolytically permeabilized as in Example ^Conventional 
and manual Hot Start™ in situ PCR were performed as in Example 1 except that a single primer pair, SK38 and SK39 
(Perkin Elmer Cetus Instruments, Norwalk. CT) specifying a 115 bp target from the HIV-1 gag region, was used. Post- 
PCR processing was as in Example 1, except that the probe, SK19 (Perkin Elmer Cetus Instruments), was labeled 
with diqoxigeninll-dUTP using random primers, using the reagents and following the instructions of Boehnnger Man- 
nheim (Indianapolis. IN), manufacturer of the tagged dNTP and the Genius™ labeling kit Staining of the probed mi- 
croscope slide was with an alkaline phosphatase-anti-digoxigenin conjugate and BCIP/NBT chromogens, also as di- 
ss rected by Boehringer Mannheim. 

Microscopic examination of the slide showed that about 90% of cell nuclei were BCIP/NBT stained after manual 
Hot Start™ in situ PCR: conventional in situ PCR yielded no stained nuclei Even a 115 bp product appears to be 
detectable nonisotopically by (and only by) the manual Hot Start™ methodological improvement. 
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Example 3 

In Situ PCR Specificity Improvement Resulting fro m the Hot Start Method 

M,croscope slides carrying histochem.cal sections of embedded fixed S.Ha cetis were prepared as Jn Example 1 
The sections were augmented with approximately 50 ui of human peripheral leukocytes (approximately 5-000 cells/ 
ml) from an HPVnegat.ve donor, prepared from buffy coat and deposited on the slide by cytospm The added eel s 
were fixed for 5 minutes at room temperature in 10% formaldehyde in phosphate buffer The slides were subjected to 
conventional or manual Hot Start- in situ PCR as described in Example 1 , except that the dNTPs were augmented 
10 with 5 mM d,gox,gen.n-H-dUTP (Boehnnger Mannheim) HPV pnmer pairs PV1 and PV2 were used 

After DNA amplification . all d.goxigenm-tagged DNA which was not removed during washing and dehydration was 
stained with an alkaline phosphatase-antid,gox.gen,n conjugate and phosphatase substrates ; BCIP and NBT as rec- 
ommended by Boehnnger Mannheim, supplier of the stam.ng reagents, except that reagent volumes were scaled down 
approximately 95% to accommodate h,stochem,cal sections rather than Southern blotting membranes After stam.ng 
15 ofthe ampl-fied DNA, the .eukocytes were ,mmunoh,stochem,cally sta.ned by a Pair Jmouse ^oclona^ primary 
ant.bod.es against leucocyte common antigen (DAKO-LCA. containing ant.bod.es P D7/26 and 2BN DAKO-PATTS) 
and a H,stostain-SP kit for detecting mouse primary antibody (Zymed Laboratories Inc.. South San Francisco, CA). 
Th,s kit uses a b.otmylated anti-mouse secondary antibody, horseradish peroxidasestreptavid.n, and the chromogemc 
peroxidase substrate, aminoethylcarbazole. Both the primary ant.bodies and the staining kit were used according to 

20 ^ that manua, Hot Start™ in s.tu PCR sta.ned about 80% of S,Ha cell nude, and 

no leucocyte nuclei, demonstrating the specificity and sensitivity of the Hot Start™ procedure, even with a single pnmer 
pa ,r In contrast, conventional in situ PCR was so nonspecific that all cells, both S,Ha and leucocyte, were stained, 
indicated that considerable non-target-directed amplification occurs when the Hot Start- procedure ,s not used Al- 

25 though target-specific probes can distinguish spec.f.c and non-specific amplified DNA after in s.tu hybridization (see 
Example 1 ). the present Example demonstrates that the Hot Start- method can render probing unnecessary, greatly 
simplifying detection and thereby enhancing the practicality of in situPCR even more. 



Sequence Listing 

30 

INFORMATION FOR SEQ ID NO. 1: 



(i) SEQUENCE CHARACTERISTICS: 

35 (A) LENGTH: 20 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 



CAGGACCCAC AGGAGCGACC 20 

45 

INFORMATION FOR SEQ ID NO: 2: 



(i) SEQUENCE CHARACTERISTICS: 

so (A) LENGTH: 20 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

55 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
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TTACAGCTGG GTTTCTCTAC 

INFORMATION FOR SEQ ID NO 3: 

5 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 20 bases 

(B) TYPE nucleic acid 

w (C) STRANDEDNESS: single 

(D) TOPOLOGY linear 

(li) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

15 

CCGGTCGATG TATGTCTTGT 

INFORMATION FOR SEQ ID NO: 4: 

20 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

25 (C) STRANDEDNESS single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

30 

ATCCCCTGTT TTTTTTTCCA 

INFORMATION FOR SEQ ID NO: 5: 

35 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE nucleic acid 

40 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

45 

GGTACGGGAT GTAATGGATG 

INFORMATION FOR SEQ ID NO: 6: 

50 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE nucleic acid 

55 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CCACTTCCAC CACTATACTG 

INFORMATION FOR SEQ ID NO 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

AGGTAGAAGG GCGCCATGAG 



Claims 

1 . A process for in situ PCR amplification of a target nucleic acid sequence in cells, which process compnses 

(a) providing an in situ composition comprising cells chemically treated with a fixative which crosslinks the 
protein constituents of cellular structures; 

(b) adding a first subset of PCR reagents and optionally a single stranded DNA binding protein to the compo- 
sition of step a) and incubating the cells and the subset of PCR reagents at a temperature between about 50 

and about 80°C; ,_ , . 

(c) adding to the composition of step (b) a PCR reagent subset which complements the first subset, wherein 
the complete set of PCR reagents comprises a single primer pair for each target sequence, 

(d) subjecting the composite of step (c) to thermal cycling sufficient to amplify the target nucleic acd sequence 
specified by the complete set of PCR reagents, and 

(e) optionally detecting the amplified nucleic acid sequence in a manner which locates it m the individual cells 
originally containing the target nucleic acid sequence 

2. The process of claim 1 , wherein the chemically treated cells are attached to a microscope slide between steps (a) 
and (b) or between steps (d) and (e). 

3. The process according to claim 2, further comprising placing a vapor barrier over the composition before the 
composition is incubated in step (b) 

4. A process for in situ PCR amplification of a target nucleic acid sequence in cells, which comprises 

(a) providing an in situ composition comprising cells chemically treated with a fixative which crosslinks the 
protein constituents of cellular structures; _ rtto 

(b) adding to the composition a complete set of PCR reagents, wherein the complete set of PCR reagents 
compnses a single primer pair for each target sequence, and a single-stranded DNA binding protein; 

(c) subjecting the composition of step (b) to thermal cycling sufficient to amplify the target nucleic acd sequence 
specified by the complete set of PCR reagents, and , ., 

(d) optionally detecting the amplified nucleic acd sequence in a manner which locates it in the individual cells 
originally containing the target nucleic acid sequence. 

5. The process of claim 4. wherein the cells are attached to a microscope slide between steps (a) and (b) or between 
steps (c)and (d). 

6. The process of claim 4, where.n ( 1 ) the cells are attached to a microscope slide. (2) a vapor barrier is placed over 
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the composition before step (c) and (3) the vapor barrier is removed before performing step (d) 

7. The process according to any one of claims 1 -6, wherein the cells are rendered permeable for PCR reagents 

s 8. The process according to claim 7. wherein the cells are rendered permeable by treating the cells with a proteinase 

9. The process according to any one of cla.ms 1-6. wherein the fixative is selected from the group consisting of 
formalin, formaldehyde, paraformaldehyde and glutaraldehyde 

io 10. The process of any one of claims 1-6. wherein the chem.cally treated cells reside within a histochemical section 

or cytochemtca! smear 

11. The process of any one of claims 1-6 wherein the single-stranded DNA binding protein is bacter.ophage 14 gene 
32 protein 

12. The process of any one of claims 1 -3 wherein the first subset of PCR reagents consists of all PCR reagents except 
a nucleic acid polymerase. 

13 An in situ PCR composition, comprising cells chemically treated with a fixative wh,ch crosslinks the protein con- 
20 ' stituents of cellular structures, a first subset of PCR reagents, wherein the subset comprises a single primer pair 

for each target sequence, and optionally a single-stranded DNA binding protein. 

14 An in situ PCR composition, comprising cells chemically treated with a fixative which crosslinks the protein con- 
' stituents of cellular structures, a complete set of PCR reagents, wherein the complete set comprises a single primer 

25 pair for each target sequence, and a single-stranded DNA binding protein 

15. The composition according to claim 13 or claim 14, wherein the cells have been rendered permeable for PCR 
reagents, preferably with a proteinase treatment 

30 16. The composition according to claim 13 or claim 14, wherein the fixative is selected from the group consisting of 
formalin, formaldehyde, paraformaldehyde and glutaraldehyde 

17. The composition according to claim 13 or claim 14, wherein the cells are attached to a microscope slide 

35 18. The composition according to claim 13 or claim 14, wherein the cells reside within a histochemical section or 
cytochemical smear. 

19. The composition according to claim 1 3 or claim 1 4, further comprising a vapor barrier over the composition 

40 20. The composition according to claim 1 3, wherein the first subset of PCR reagents consists of all PCR reagents 
except a nucleic acid polymerase. 
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Patentanspruche 

1. Verfahren zur in silu-PCR-Amplifikation einer Zielnucleinsauresequenz in Zellen, wobei das Verfahren umfaRt: 



(a) Bereitstellung einer in situ-Zusammensetzung, umfassend Zellen, die chemisch mil emem Fix.erm.ttel be- 
handelt wurden welches die Proteinbestandteile der zellularen Strukturen vernetzt; 
so (b) Zugabe eines ersten Teilsatzes von PCR-Reagenzien und gegebenenfalls eines Einzelstrang-DNA-bm- 

denden Proteins zur Zusammensetzung von Schritt (a) und Inkubation der Zellen und des Teilsatzes von PCR- 
Reagenzien bei einer Temperatur zwischen etwa 50°C und etwa 80°C; 

(c) Zugabe eines PCR-Reagenz-Teilsatzes, der den ersten Satz vervollstandigt, zur Zusammensetzung von 
Schritt (b), wobei der vollstandige Satz von PCR-Reagenzien ein einzelnes Primerpaar fur jede Zielsequenz 

" (d) DurehfOhrung eines thermischen Zyklus an der Zusammensetzung von Schritt (c). der ausreicht, urn die 

Zielnucleinsauresequenz zu amplifizieren, gekennzeichnet durch den vollstandigen Satz von PCR-Reagen- 
zien; und 
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(e) gegebenenfalls Nachweis der amplifizierten Nucleinsauresequenz in emer Weise daG sie in den individu- 
ellen Zellen die ursprunghch die Zielnucleinsauresequenz enthielten. lokalisiert wird. 

2. Verfahren nach Anspruch 1 wobei die chemisch behandelten Zellen zwischen den Schritten (a) und (b) oder 
5 zwischen den Schritten (d) und (e) an emem Mikroskop-Objekttrager anhaften. 

3. Verfahren nach Anspruch 2. wobei zusatzlich etne Verdampfungsbarriere uber der Zusammensetzung angebracht 
wird. bevor die Zusammensetzung in Schritt (b) mkubiert wird. 

io 4. Verfahren zur in situ-PCR-Amplifikation emer Zielnucleinsauresequenz in Zellen, umfassend 

(a) Bereitstellung emer in s.tu-Zusammensetzung, die Zellen umfaBt, die chemisch mit e.nem Fixiermittel be- 
handelt wurden welches die Protembestandteile der zellularen Strukturen vernetzt. 

(b) Zugabe zur Zusammensetzung eines vollstandigen Satzes von PCR-Reagenzien, wobei der vollstandige 
15 Satz von PCR-Reagenzien em einzetnes Primerpaar fur jede Zielsequenz umfaBt und em Einzelstrang-DNA- 

bindendes Protein, . 

(c) Durchfuhrung eines thermischen Zyklus. der ausreicht, urn die Zielnucleinsauresequenz zu amplif.z.eren, 
mit der Zusammensetzung von Schritt (b), die durch den kompletten Satz von PCR-Reagenz.en spez.fiz.ert 

ist. und . 
20 (d) gegebenenfalls Nachweis der amplifizierten Nucleinsauresequenz in emer Weise, daG sie in den indiv.du- 

ellen Zellen. die ursprunglich die Zielnucleinsauresequenz enthielten, lokalisiert wird. 

5. Verfahren nach Anspruch 4, wobe. die Zellen zwischen den Schritten (a) und (b) oder zwischen den Schritten (c) 
und (d) an einem Mikroskop-Objekttrager anhaften. 

6 Verfahren nach Anspruch 4, wobei (1 ) die Zellen an einem MikroskopObjekttrager anhaften, (2) eine Verdamp- 
fungsbarriere vor Schritt (c) uber der Zusammensetzung angebracht wird, und (3) die Verdampfungsbarriere vor 
Durchfuhrung des Schrittes (d) entfernt wird 

30 7. Verfahren nach einem der Anspruche 1 bis 6, wobe. die Zellen fur PCR-Reagenzien durchlassig gemacht werden. 

8. Verfahren nach Anspruch 7, wobei die Zellen durch Behandlung der Zellen mit einer Proteinase durchlassig ge- 
macht werden. 

35 9. Verfahren nach einem der Anspruche t bis 6, wobei das Fixiermittel ausgewahrt ist aus Formal in. Formaldehyd, 
Paraformaldehyd und Glutaraldehyd. 

10. Verfahren nach einem der Anspruche 1 bis 6, wobei die chemisch behandelten Zellen in einem histochem.schen 
Schnitt oder einem cytochemischen Abstrich vorliegen. 

40 

11. Verfahren nach einem der Anspruche 1 bis 6, wobei das Einzelstrang-DNA-bindende Protein das Bacteriophage 
T4-Gen-32-Protein ist. 

12. Verfahren nach einem der Anspruche 1 bis 3, wobei der erste Teilsatz von PCR-Reagenzien aus alien PCR-Rea- 
45 genzien besteht, ausgenommen einer Nucleinsaurepolymerase. 

13 In situ-PCR-Zusammensetzung, umfassend Zellen. die chemisch mit einem Fixiermittel behandelt wurden, das 
die Proteinbestandteile der zellularen Strukturen vernetzt, einem ersten Teilsatz von PCR-Reagenzien wobei der 
Teilsatz ein einzelnes Primerpaar fur jede Zielsequenz umfaBt, und gegebenenfalls ein Einzelstrang-DNA-binden- 

50 des Protein 

1 4 In situ-PCR-Zusammensetzung, umfassend Zellen, die chemisch mit einem Fixermittel behandelt wurden, welches 
die Protembestandteile der zellularen Strukturen vernetzt, einem vollstandigen Satz von PCR-Reagenzien, wobei 
der vollstandige Satz ein einzelnes Primerpaar fiir jede Zielsequenz umfalit, und ein Emzelstrang-DNA-bmdendes 

55 Protein. 

15. Zusammensetzung nach Anspruch 13 oder 14, wobei die Zellen fur PCR-Reagenzien durchlassig gemacht wur- 
den, vorzugsweise durch eine Proteinasebehandlung. 
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16. Zusammensetzung nach Anspruch 1 3 oder 14. wobe, das Fix.ermittel ausgewahlt ,st aus Formalin. Formaldehyd. 
Paraformaldehyd und Glutaraldehyd 

17. Zusammensetzung nach Anspruch 13 oder 14. wobe. d.e Zellen an e,nem MikroskopObjekttrager anhatten 

18. Zusammensetzung nach Anspruch 13 oder 14, wobe, die Zellen in emem histochemischen Schnitt oder einem 
cytochemischen Abstrich vorliegen. 

19. Zusammensetzung nach Anspruch 13 oder 14. die auRerdem eine Verdampfungsbarnere uber der Zusammen- 

setzung umfaGt. 

20. Zusammensetzung nach Anspruch 1 3, wobe: der erste Teilsatz von PCR-Reagenzien aus alien Reagenzien be- 
steht, ausgenommen einer Nuclemsaurepolymerase. 

Revendications 

1. Precede pour ratification PCR in situ dune sequence cible d'acide nucleique dans les cellules, lequel precede 
comprend 

a) la fourniture d'une composition in situ comprenant les cellules traitees chim,quement avec un fixatif qui 
reticule les constituants proteiques de structures cellulaires: 

b) I'addition dans la composition de I'etape a) d'un premier sous-ensemble de reactifs PCR et lacurtativement 
d'une proteine liant I'ADN simple brin et I'.ncubation des^cellules et du sous-ensemble de reactifs PCR a une 

25 temperature comprise entre environ 50°C et environ 80°C; 

c) I'addition dans la composition de I'etape b) d'un sous-ensemble de reactifs PCR qui complete le premier 
sous-ensemble, dans lequel I'ensemble complet de reactifs PCR comprend un couple unique d'amorces pour 

chaque sequence cible, . 

d) la soumission de la composition de I'etape c) a un traitement thermique cyclique suffisant pour amplifier la 
30 sequence cible d'acide nucleique specifiee par 1'ensemble complet de reactifs PCR, et 

e) facultativement la detection de la sequence d'acide nucleique amplifiee de maniere a la reperer dans des 
cellules individuelles contenant initialement la sequence cible d'acide nucleique 

2. Precede selon la revendication 1, dans lequel les cellules chimiquement Iraitees sont fixees sur une lame de 
35 microscope entre les etapes a) et b) ou entre les etapes d) et e) 

3. Procede selon la revendication 2, comprenant de plus la mise en place d'une barnere de vapeur auOessus de la 
composition avant que la composition soit incubee dans I'etape b). 

40 4. Procede pour ['amplification PCR in situ d'une sequence cible d'acide nucleique dans les cellules, lequel comprend 

a) la fourniture d'une composition in situ comprenant les cellules traitees chimiquement avec un fixatif qui 
reticule les constituants proteiques de structures cellulaires: 

b) I'addition dans la composition d'un ensemble complet de reactrts PCR, dans lequel I'ensemble complet < e 
45 reactifs PCR comprend un couple unique d'amorces pour chaque sequence cible. et une proteine liant 1 ADN 

simple brin; .... . 

c) la soumission de la composition de I'etape b) a un traitement thermique cyclique suffisant pour amplifier la 
sequence cible d'acide nucleique specifiee par I'ensemble complet de reactifs PCR, et 

e) facultativement la detection de la sequence d'acide nucleique amplifiee de maniere a la reperer dans des 
so cellules individuelles contenant initialement la sequence cible d'acide nucleique 

5. Procede selon la revendication 4, dans lequel les cellules sont fixees sur une lame de microscope entre les etapes 
a) et b) ou entre les etapes c) et d) 

ss 6 Procede selon la revend.cation 4. dans lequel 1 ) les cellules sont fixees sur une lame de microscope, 2) une 
' barnere de vapeur est placee au-dessus de la composition avant I'etape c) et 3) la barnere de vapeur est enlevee 

avant d'effectuer I'etape d) 
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7. Procede selon Tune quelconque des revendications 1 a 6. dans lequel les cellules sont rendues permeables aux 
reactifs PCR 

8. Procede selon la revendication 7, dans lequel les cellules sont rendues permeables en les traitant avec une pro- 
teinase 

9. Procede selon I'une quelconque des revendications 1 a 6, dans lequel le fixatif est choisi parmi le groupe com- 
prenant le formol, le formaldehyde, le paraformaldehyde et te glutaraldehyde. 

10. Procede selon Tune quelconque des revendications 1 a 6. dans lequel les cellules chimiquement traitees sont 
dans une coupe histochimique ou dans un frottis cytochimique 

11. Procede selon Tune quelconque des revendications 1 a 6. dans lequel la proteine liant t'ADN simple brin est la 
proteine 32 du gene du bacteriophage T4 

12. Procede selon I'une quelconque des revendications 1 a 3, dans lequel le premier sous-ensemble de reactifs PCR 
comprendtous les reactifs PCR sauf une polymerase d'acide nucleique. 

1 3. Composition PCR in situ, comprenant les cellules chimiquement traitees avec un fixatif qui reticule les constituants 
20 proteiques de structures cellulaires r un premier sous-ensemble de reactifs PCR, dans lequel le sous-ensemble 

comprend un couple unique d'amorces pour chaque sequence cible, et facultativement une proteine liant I'ADN 
simple brin. 

14. Composition PCR in situ, comprenant les cellules chimiquement traitees avec un fixatif qui reticule les constituants 
25 proteiques de structures cellulaires, un ensemble complet de reactifs PCR, dans lequel I'ensemble complet com- 
prend un couple unique d'amorces pour chaque sequence cible, et une proteine liant I'ADN simple brin. 

1 5. Composition selon la revendication 1 3 ou la revendication 14, dans laquelle les cellules ont ete rendues permeables 
aux reactifs PCR en les traitant, de preference, avec une proteinase. 

30 

16. Composition selon la revendication 13 ou la revendication 14, dans laquelle le fixatif est choisi parmi le groupe 
comprenant le formol, le formaldehyde, le paraformaldehyde et le glutaraldehyde. 

17. Composition selon la revendication 13 ou la revendication 14, dans laquelle les cellules sont fixees sur une lame 
35 de microscope. 

18. Composition selon la revendication 13 ou la revendication 14, dans laquelle les cellules sont dans une coupe 
histochimique ou dans un frottis cytochimique. 

40 19. Composition selon la revendication 13 ou la revendication 14 comprenant de plus une barriere de vapeur au- 
dessus de la composition. 

20. Composition selon la revendication 13, dans laquelle le premier sous-ensemble de reactifs PCR comprend tous 
les reactifs PCR sauf une polymerase d'acide nucleique. 
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